Introduction
Most countries in Europe and the USA are increasingly using an electronic medical record (EMR) due to the belief that it can help improve healthcare quality. Especially after Hurricane Katrina in 2005 the importance of EMRs has been re-emphasised, since the hurricane destroyed or left inaccessible the medical records of an untold number of people. This focused new attention on the need for computerised medical records -health ABSTRACT Objective Most countries in Europe and the USA are increasingly using an electronic medical record (EMR) to help improve healthcare quality. Unfortunately, most developing countries face many challenges ranging from epidemics and civil wars to disasters: they also lack a robust healthcare infrastructure in the form of information and communications technology (ICT) to ensure continuity of patient health which many research studies consider a lifesaving resource. The aim of this systematic review is to examine the benefits of an EMR and its contribution to the development of healthcare delivery in developing countries. Methods We searched MEDLINE, PubMed, CINAHL, COMPENDEX and Academic Search Premier as well as systematically searching the reference lists of included studies and relevant reviews. Inclusion criteria were that studies should relate to the importance and challenges of an EMR system, paper-based medical records, development and implementation of an EMR system in developing countries or EMR impact on care delivery in developing countries.
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Keywords: computerised medical records systems, developing countries, information systems records that follow patients, even if their doctors' offices no longer exist. A disaster does not mean restarting care from scratch. Unfortunately, most developing countries faced with challenges such as epidemics, civil wars and disasters, also lack robust healthcare infrastructure in the form of information and communications technology (ICT) to ensure the continuity of patient health which many research studies consider a lifesaving resource.
Good health is not only important for individuals, but also for governments because it plays a central role in achieving sustainable economic development and growth as well as effective use of resources. 1 Unfortunately, we live in a world where two thirds of the population lives in so-called 'developing countries' under conditions grossly different from those in the richer industrialised countries. 2 The Okinawa Charter on the Global Information Society, adopted by leaders of the G8 countries at their summit in 2000, reemphasised the importance of ICTs in the global development agenda. 3 To ensure the Millennium Development Goals (MDGs) are achieved by 2015, the Socialist International has challenged the Organization for Economic Cooperation and Development (OECD) countries to focus first on delivering Goal 8i.e. with additional and more effective aid, directed mainly to poor countries, and also more sustainable debt relief and more trade and technology opportunities for these countries. The Socialist International has pointed out that for poor countries to realise the MDGs, an additional US$50 billion is needed in aid from OECD countries. Further urgent measures must be taken to fix the problems in the international trade systems that continue to prevent the world's poor countries from trading themselves out of poverty. 4 In spite of the importance of ICT and EMR systems in developing clinical care and policy in developed countries, there are still some problems or challenges that must be overcome. Among them are hardware and software compatibility, training, lack of quality control and antiquated infrastructure. 5 Some researchers also believe data collected in developing countries are incomplete, inaccurate, unreliable and not timely, therefore the potentials of EMRs may not be realised. 6 There is the fear that the use of an EMR system might expedite the dissemination of wrong or poor data which does not represent the truth, hence the slow pace of development. 6 Irrespective of these challenges the aim of this study is to examine EMR benefits to the patients, physicians and other care providers as well as its ultimate contribution to development of healthcare delivery in developing countries.
Methods

Data sources
Medline , CINAHL , COMPENDEX and Academic Search Premier were searched using combinations of the following search terms: electronic medical records OR informatics computerised OR information storage and retrieval OR medical informatics OR computer-assisted decision making OR information systems OR hospital information systems AND developing countries. We also systematically searched the reference lists of articles retrieved. There was no limitation of publication date in the search; however, the earliest eligible article was published in 1995.
Inclusion and exclusion criteria
Our inclusion criteria were studies relating to the importance and challenges of an EMR system, medical records, development and implementation of an EMR system in developing countries, and EMR impact on care delivery in developing countries. We excluded studies that were not published in English as well as those that were not on developing countries.
Results
While there have been many papers on EMRs or computer-based patient records, there exists only a few articles significant to this research area in developing countries. In all, 32 articles were identified, but based on the aforementioned selection criteria 23 articles were considered eligible. 2, 
Benefits of EMR systems
As already noted, EMRs and other decision support tools like computerised physician order entry (CPOE) help to reduce medical errors. 7 For example, some clinical information systems (CIS) are able to check for drug allergies, drug doses and appropriateness of medication, thereby eliminating the need for physicians to write orders by hand in the patient's chart. According to Levesque 'every time someone in a practice or hospital touches a chart, it costs the organisation nearly $3'. 8 Therefore one main advantage of an EMR is that care givers never have to worry about finding a chart, since information concerning the patient is already input into the computer.
Another important element of an EMR is legibility of clinical notes. [7] [8] [9] An EMR provides documentation in a computerised format that allows for data or records to be printed in text form rather than hand written. Also the computer makes spelling, validity and range checks which prompt users when data entry error is detected. An EMR also increases efficiency of healthcare providers' workflow. Thus, data entered into the hospital information system (HIS) can be used to refer a patient to a specialist. Also, epidemiologists, researchers, physicians and other clinicians can extract information from HISs to protect and promote the health of the population through efficient surveillance, investigation, prevention and control of communicable diseases of public health importance. Further, an EMR allows care providers an opportunity to be abreast of patient health status. For instance, by creating shortcuts to documents warning about abnormal laboratory examination results, prescriptions and drug administration, physicians are able to quickly provide feedback to patients without any difficulties. Other benefits of EMRs include data accessibility by multiple users and continuous data processing as well as automatic data back up and stored at different locations outside the hospital or clinics so that in case of disaster access to the record will not be denied. 7, 9 Challenges of EMR systems Despite EMRs' importance there are some challenges that must be considered when designing and implementing EMR systems. One limitation is lack of hardware and software standardisation. Although standards reduce development costs, increase integration and facilitate the collection of meaningful aggregate data for quality improvement and health policy development, 5 due to the complexity and different needs of each of the units/departments within the healthcare industry, maintaining technological standards is always difficult. As a result, each department usually implements its own technology pertaining to the needs of that unit, which makes it impossible for all systems within the hospital system to communicate. Further, lack of such standardisation makes it harder to automatically generate the alerts which are necessary for decision making. 10 Similarly, a survey of US primary care physicians identified 264 different EMRs in use. 7 Consequently, EMR systems development has had problems of proprietary and incompatibility.
Other limitations include too many data sources, privacy, confidentiality and security issues and cost. 5, [10] [11] [12] [13] [14] 27 Security is a very important issue, but it is essential that the appropriate users are not denied access when the information is needed. It is true that hospitals need robust ICT infrastructures, particularly in terms of hardware and software, but the cost of such technology is highly capital intensive, therefore small hospitals and developing countries especially find it difficult to embark on. Also, due to the heavy cost involved, any decision to implement an EMR should be a strategic one involving all leaders from every segment of the healthcare institution to facilitate the design, implementation and maintenance of the system. Further, due to fear, change is often considered a threat. Yet without adequate involvement of the users of the system, the project can never be developed, implemented and maintained successfully. 28 Transition from paper-based to EMR systems Converting from a paper-based to an EMR system is complex and difficult because it represents a paradigm shift for the work of physicians and other staff. The transition requires a systematic activity and must be managed from many aspects 'clinically, administratively, culturally, and organisationally. The transition must include not only the process changes inherent in the use of a new tool, but also the technical and procedural training, and the resultant changes to physician and staff roles within the office.' 15 Subsequently, it requires a strong management commitment and motivation. 16 Secondly, involvement of all stakeholders, care providers and other users of the system right from the beginning is necessary for survival and sustenance of the project. Involving the stakeholders will help them to have a clear understanding of why the organisation is making the change. Involvement and understanding also helps users (care providers) to identify themselves with activities that will make the transition very smooth to achieve desirable outcomes.
During this process, care must be taken not to impact the patient-physician relationship or the integrity of the clinical processes covered. Some factors to be considered during the process include: (i) cost of training, hardware and software; (ii) type of hardware and software; (iii) security of patient information; (iv) maintenance of patient privacy and confidentiality; (v) maintenance and integrity of medical record content and (vi) continuity and quality of care must be maintained through the transition period. 15 
EMR systems in developing countries
Although the need for EMR systems is felt in most third world countries, they lack financial and human resources vital for strategic policy making to either acquire, train, or accommodate informatics professionals to handle the design and implementation of systems to meet their needs. [17] [18] [19] Again due to lack of funds and high costs of repair, developing countries are not able to draw up maintenance plans to sustain the few computers and other equipment donated by philanthropists.
Some researchers believe data collected in developing countries are incomplete, inaccurate, unreliable and not timely, therefore the potential of EMR systems may not be realised. 6 It is also suggested that the use of an EMR might expedite the dissemination of wrong or poor data which does not represent the truth, hence the slow pace of development. 6 Further, it is assumed that technology architectures designed for developed countries are appropriate and can easily fit into developing countries' environments. However, considering the differing cultural, organisational and environmental factors, it is essential for systems analysts and designers to research into these areas to design equipment pertaining to the needs of these countries. Finally, EMR implementation in developing countries requires human resources, funds, systematic collection of data and effective monitoring of the existing system. Governments, health managers and administrators have to exercise strong commitment, and invest in HISs to improve the health delivery status of their citizens. To bridge the digital divide between the north and south, it is essential for international agencies and corporations to assist developing countries in the areas of technology and manpower developments in order to meet the demand of 21st century healthcare delivery.
Implementation of EMR systems in developing countries
Availability of good quality data for continuity of care, decision making and allocation of limited resources in most developing countries, and especially sub-Saharan Africa, remains a mirage. Table 1 provides an overview of the design and implementation of three EMR projects.
These projects illustrated the potentials of implementing EMR systems in developing countries despite the challenges. To facilitate effective and efficient data collection for policy making, evaluation, disease management and quality care delivery, collaboration and involvement between developing countries and the developed world is required.
EMR impact on care delivery in developing countries
EMR systems have been shown to be feasible and important in developing countries in spite of some challenges. Some immediate benefits on care delivery development are as follows:
Patient care An EMR promotes effective and appropriate management of cases leading to quicker recovery without undue hospitalisation. The economic impact can be seen in terms of speedy storage and retrieval of patient records thus reducing unnecessary costs of repeating diagnostic examinations over and over. 14, 18 Planning and management Incomplete and incorrect information is leading to defective health planning and management in most developing countries. Healthcare programs are failing because inaccurate data is used for planning. Access to accurate, correct and timely information could be a good source of data to plan and prepare for epidemics or disasters to prevent undue loss of life. 7, 18 Research 'An effective HIS is indispensable in furthering medical research'. 16 Availability of quality data enhances identification of problems in treatment and finds solutions to prevent extra costs due to ineffective treatment, thus making care delivery less expensive.
Discussion and conclusion
The potential of EMR systems to transform medical care practice has been recognised over the past decades including their ability to enhance healthcare delivery and facilitate decision-making processes. Consequently, EMR systems and other clinical decision support tools are currently used in both primary and secondary healthcare facilities in most developed nations. However, implementing an EMR system or any HIS in a clinical practice is a daunting task. It requires good planning, strong management, clinical leadership and supportive staff. The most immediate benefits of EMR systems include accurate medication lists, legible notes and prescriptions, immediately available charts, decreased chart pulls, lower transcription costs, medical errors reduction and improvement in quality care and standards in patient safety. Unfortunately, most developing nations lack the experts, funds and ICT infrastructure necessary for the implementation of such modern healthcare technology to ensure continuity of care.
Another challenge facing the developing world relates to sustainable energy, a key indicator for socio-economic development. Availability of and reliable access to electricity is essential in healthcare delivery development. Despite this, most countries in sub-Saharan Africa and other countries in the developing world depend on hydroelectric dams as their main source of electricity. This usually becomes a problem during dry seasons when the water level drops, therefore leading The MMRS consists of a paper encounter form, based on an IBM-compatible microcomputer powered by a UPS with solar battery back-up and programmed in Microsoft Access using the following modules; registration, encounter data, reports and data dictionary.
Functions
The system consists of many user interfaces with multiple functionalities including; users' administration, medical encounter, patient registration, appointment management, report generation, patient card generator, diagnosis, etc.
Healthcare professionals enter all clinical and drug information using a standard patient registration form. The system checks for drugs and their doses, administration procedures, allergies. It also has an inbuilt mechanism to detect errors such as prescribing zidovudine and stavudine together.
The MMRS assign a unique registration number to patients. The report module generates monthly reports required by the Kenyan Ministry of Health.
The data dictionary provides information on all diagnoses necessary for treatments.
Implication/ significance
After four months of implementation, there was a significant decrease in coding time and consultation and better management of patients. Also there was a significant increase in best practices, i.e. 'system prompting for measurement of parameters and checking for unusual values (temperatures, blood pressures etc.), reminders for conditions requiring special attention and making data from previous contacts readily available'.
Successful implementation and use of the system has proved the importance of EMR in rural impoverished areas.
Despite the digital divide, logistical and cultural problems, this simple inexpensive system is serving the needs of the Kenyan rural population by improving on the quality of care, research and training for the local medical school.
to power rationing. [23] [24] [25] 29 Meanwhile, without reliable and relevant HIS, healthcare providers cannot effectively plan, assess health needs of populations and groups, make decisions to allocate scarce resources to implement programmes, improve the quality of health, or address the numerous health issues facing them especially HIV-AIDS, tuberculosis, malaria and civil wars.
In spite of these challenges, implementation of computer-based medical record systems in Haiti, Kenya, Rwanda and Cameroon, using web-based systems with satellite internet connectivity and IBM compatible microcomputers powered by an uninterrupted power supply with solar battery back up, have shown how feasible it could be with support from developed nations to design and implement systems that fit into the developing world environment. 20, [22] [23] [24] [25] Finally, to avoid problems with inefficiencies and tie-in to expensive software vendors regarding intellectual property rights and maintenance, developing countries can take advantage of various open source software (OSS) solutions that are available. Free and open-source software is not only 'a useful and significant tool for the developing countries', but clearly has the potential to help reduce the costs associated with IT investment because these codes are freely available for public use. They can easily be modified and tailored towards the needs of less developed countries, hence helping find solutions to the most pressing problems faced by the populations in these countries. [24] [25] [26] 30, 31 
